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Abstract: Conditions in the Democratic Republic of the Congo provide an ideal 
environment for leptospirosis and plague, both of which can cause severe pulmonary 
manifestations. In December 2004, an outbreak of lethal pneumonia occurred in a local 
mining camp, affecting 130 persons and killing 57 of them. Clinical signs, fast disease 
spread, and initial laboratory investigations suggested pneumonic plague. While 
leptospirosis had not recently been described in the region, it was considered as a 
differential diagnosis. Anti-Leptospira antibodies were detected by microscopic 
agglutination test (MAT). A confirmed case of leptospirosis was defined as having 
consistent clinical signs and any one of the following: seroconversion or four-fold increase 
in MAT titre for paired serum samples, or a MAT titre > 1:400 for acute-phase serum 
samples. Twenty-nine of the 54 patients or convalescents tested for leptospirosis were 
seropositive. Two cases showed a confirmed infection for both plague and leptospirosis. 
While evidence supports the plague nature of this outbreak, the results suggest that some of 
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the suspected plague cases might be due to leptospirosis. hi any case, this diagnosis will 
have to be evoked in the future if a similar outbreak occurs in this region of Africa. 

Keywords: leptospirosis; pneumonia; plague; pneumonic plague; Central Africa 



1. Introduction 

Human leptospirosis is an emerging disease with over 500,000 severe cases occurring annually and 
a case fatality rate exceeding 10% [1]. Leptospirosis is a zoonosis caused by spirochetes of the genus 
Leptospira, bacteria that have a variety of mammalian hosts, particularly rodents. The bacterium enters 
the bloodstream via abrasions in the skin or through mucous membranes after contact with 
contaminated moist soil, water, or aerosolized droplets. Often, environmental contamination arises 
when leptospires are shed in urine of infected animal reservoirs such as rodents, cattle, pigs, and 
various wild animals. Leptospirosis is also transmitted to humans by direct contact with tissue or urine 
from infected animals. Human-to-human transmission is rare [2]. Severity of leptospirosis ranges from 
subclinical infection to severe forms including cardiac, renal, and pulmonary failures. Pulmonary 
findings for patients with leptospirosis were reported in 17%-70% of patients in several large studies and 
included hemoptysis, respiratory distress, cough, difficulty breathing, and pulmonary hemorrhage [3]. 
Pulmonary hemorrhagic syndrome caused by leptospirosis may have a mortality rate of up to 50% if 
left untreated [4]. 

Plague is a zoonosis caused by the bacterium Yersinia pestis, which circulates among small 
mammals and fleas. Bubonic plague is the most common form of the disease and may progress into a 
highly contagious pneumonic form, which can then be spread fi-om person-to-person. The rapid onset 
and high lethality of pneumonic plague are its only distinguishable clinical features. The disease 
otherwise manifests itself as a severe respiratory infection that could be caused by various pathogens, 
such as the pulmonary form of leptospirosis [5]. 

In 2004, an outbreak suggestive of pneumonic plague erupted in a remote diamond mining camp in the 
Oriental Province of the Democratic Republic of the Congo (DRC), 25 km from the village of Zobia [6]. 
Diamonds were first discovered near Zobia in November 2004, and this attracted miners from the 
province and abroad. At the beginning of January 2005, approximately 7,000 people were living in the 
mining camp established in the area, located in the middle of the rain forest. The camp population 
included miners and traders and had extremely poor sanitary conditions. The "mine" consisted of pits 
dug in the ground, half-filled with stagnant water. The miners worked inside the pits, standing in the 
water for long periods of time. An outbreak of highly lethal pneumonia began on 15 December 2004, 
causing panic in the camp and surrounding area. By the beginning of March 2005, the population size 
had decreased to 2,500 after residents left due to fear of death brought on by the outbreak. The last 
case occurred on 1 1 March 2005. The outbreak resulted in 130 cases, including 57 deaths (44%) fatality 
rate) [6]. 

A World Health Organization (WHO) team was tasked with the investigation and contiol of this 
outbreak. Due to a delayed alert and security constiaints, the team arrived two months after onset of 
the epidemic. Forty-eight deaths had already occurred and no specimens had been taken. The number 
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of case-patients available for clinical examination and appropriate sampling was, therefore, limited. 
Beyond plague, the presence of leptospirosis was investigated. 

2. Experimental Section 

Suspected deaths that occurred before the team's arrival were attributed to plague on the basis of the 
epidemiologic context, reported clinical signs, and the rapid disease onset typical of pneumonic 
plague. Convalescents were tracked and interviewed. Additionally, blood samples were collected in 
standard serologic tubes by a clinician and stored at 4 °C for retrospective serologic testing. Each new 
patient with clinically suspected pneumonic plague was admitted to an isolation center. Blood was 
collected as previously described [6]. One serum sample was drawn as early as possible after onset of 
symptoms and a second serum sample was drawn 10 days later to allow for the development of an 
antibody response. Plague cases were classified according to the WHO classification [7]. Serum for 
leptospirosis investigation was transported at 4 °C or at ambient temperature and filter-sterilized upon 
arrival at the Institut Pasteur in Paris, France. Anti-Leptospira antibodies were detected by microscopic 
agglutination test (MAT) using the following antigens: serogroups Australis (serovar Australis), 
Autumnalis (serovar Autumnalis), Bataviae (serovar Bataviae), Canicola (serovar Canicola), Ballum 
(serovar Castellonis), Cynopteri (serovar Cynopteri), Grippotyphosa (serovar Grippotyphosa), Sejroe 
(serovars Hardjo and Sejroe), Hebdomadis (serovar Hebdomadis), Icterohaemorrhagiae (serovar 
Copenhageni), Panama (serovar Panama), Pomona (serovar Pomona), Pjo-ogenes (serovar Pyrogenes), 
Tarassovi (serovar Tarassovi), and Semaranga (serovar Patoc). The Semaranga serogroup belongs to a 
non-pathogenic leptospira species; it therefore cannot be an infecting serogroup. The serogroup was 
included in our analysis because it has cross-reactivity with pathogenic serogroups and can be 
indicative of an infection. Sera were screened at a dilution of 1/50 and positive sera were titrated to 
endpoint. High rates of agglutination of the serum with one particular antigen were used to identify the 
presumptive serogroup of the infecting bacterium. 

3. Results and Discussion 

3.1. Results 

Fifty-four of the 82 patients observed after the response team's arrival had sufficient serum 
quantities to allow for leptospirosis testing. Twenty-nine (53.7%) were seropositive for leptospirosis. 
Twenty had weak positive titres (<400), eight had a single strong positive titre (>400), and one had a 
weak positive titre (<400) and seroconversion (Table 1). We were able to collect paired serum samples 
for six of the 54 patients tested for leptospirosis. Four of them were seropositive. One of these patients 
had a titre >400 for serogroup Canicola and was also a confirmed case of plague (Patient 3). We found 
one of these patients exhibited seroconversion for leptospirosis (Patient 27). Two convalescent samples 
were collected from Patient 2, one with a titre of 50 and the other one, which was negative, suggesting 
a previous infection, environmental exposure, or non-specific reactions. We also observed differences 
of reactivity to leptospiral antigens between the first and second specimen from the same individual 
(Patients 3 and 23), probably due to cross-reactions between serovars. 
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The most frequently observed serological reactivity (MAT titre > 100) was to serogroup Sejroe 
(12 patients), including seven subjects with high titre (tifre > 400). A significant seroreactivity (MAT 
titre > 100) was also found for serogroups Canicola (five patients), Icterohaemorragiae (four patients), 
Bataviae (four patients), and Hebdomadis (two patients). For one patient, the MAT titres could not 
differentiate between serogroups Ballum and Sejroe. Other possible leptospirosis cases (nine patients) 
showed a low level of agglutination (titre 50) with reference serogroups (Table 1). 



Table 1. MAT results and identified serovars for 29 leptospirosis seropositive patients 
tested during the pneumonic plague outbreak, DRC, 2005. 
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Table 1. Cont. 
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Notes: Patient = specimen collected < 7 days of symptom onset, Convalescent = specimen collected > 7 days 
of symptom onset. C = Confinned, P = Probable, S = Suspect, unk = Unknown. Serogroups: Aus = Australis, 
Bat = Bataviae, Can = Canicola, Cas = Ballum, Gt = Grippotyphosa, Sej = Sejroe, Heb = Hebdomadis, 
Ih = Icterohaemorrhagiae, and Pat = Semaranga. 
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Within the group of eight patients having a strong positive result for Leptospirosis, one was also 
confirmed (Patient 3) and one was probable for plague (Patient 13) (Table 2). 



Table 2, Etiology of 29 leptospirosis seropositive patients tested during the pneumonic 
plague outbreak, DRC, 2005. 
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Notes: C = Confirmed, P = Probable, S = Suspect, und = undetermined. 



3.2. Discussion 

It is estimated that Africa has the largest worldwide leptospirosis burden, with the highest median 
annual incidence of laboratory-confirmed cases (95.45 per 100,000 population) as well as the highest 
median annual mortality rate (5.5 per 100,000 population) but data, specifically in Central Africa, are 
scarce [4]. Leptospirosis in the DRC was investigated in the colonial period and three different foci 
were described in mining areas [8,9]. In Cenfral Africa, miners are particularly exposed to infectious 
diseases due to the climate as well as very poor living and working conditions. Severe outbreaks are 
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regularly reported, including cholera, epidemic meningitis, plague, and viral hemorrhagic fevers. The 
high prevalence of leptospirosis among workers on gold-bearing sites in the Belgian Congo was 
emphasized by Van Riel in 1946 [8]. Leptospirosis had also been detected and evoked as a differential 
diagnosis of Ebola fever in similar conditions in Gabon where a seroprevalence of 15.7% had been 
measured in the general population of remote villages, but the circulating leptospirosis serogroups had 
not been identified [10]. hi Zobia, DRC, 29 of the 54 tested individuals were seropositive but were 
either patients or convalescents and cannot be considered representative of the whole population. 
Extrapolation to the general population is not even possible as the proportion of severe forms of 
leptospirosis is not clearly defined [2]. This finding, however, is in favor of an intense transmission of 
leptospirosis in the north-eastern part of DRC. 

By MAT, the predominant serogroup was Sejroe (12/21 subjects with MAT titre > 100), including 
three subjects with titre of 1,600, indicative of a recent infection. In 1954, the most prevalent 
Leptospira serogroups in Belgian Congo were Sejroe, Grippotyphosa, Hebdomadis, and 
Icterohaemorrhagiae. The identification of several other serogoups by MAT could be related to the 
multiple potential environmental sources of infection in the area of Zobia, as well as to the movement 
of infected people from neighboring regions and countries. It is also important to consider differences 
and advancements in testing assays, technology, and methodology between serogroup identification in 
1954 and 2005. 

Identification of the serogroups may assist in determining animal reservoirs for leptospirosis, since 
a limited number of serovars can infect a given host [11]. Serogroup Sejroe was identified in many 
serological surveys in livestock worldwide [12-15]. This includes a study in Zimbabwe where Sejroe 
was found to be the predominant serogroup in beef cattle [14]. Knowledge of the serovars in this 
region will aid in improving diagnostic tools, identifying animal reservoirs, and generating control 
strategies. It is important to note that the accuracy of the MAT in predicting the infecting serovar may 
not be optimal, as the MAT panel strains did not contain local isolates [16,17]. 

The existence of a pneumonic plague outbreak cannot be denied; five cases were confirmed and ten 
were considered as probable according to the WHO case definition (Table 2) [6]. In a region where 
plague had never been reported, this is an event of international public health importance by itself. 
However, the possibility of other etiologies able to mimic pneumonic plague was considered early in 
the investigation. One cannot disregard the possibility that a certain number of the 130 reported cases 
were not due to plague nor plague alone. When considering the role of leptospirosis in this outbreak it 
must first be noted that not all leptospirosis infection cause clinical disease. In addition, it was 
impossible to confirm the etiology of each of the reported cases due to the field conditions, delayed 
investigation, and unmonitored use of antibiotics. Of the 82 patients and convalescents observed after 
the response team's arrival, only 54 could be tested for leptospirosis in addition to plague. Discussion 
about the respective contributions of the two etiologies is therefore restricted to 41.5% of the severe 
cases of pneumonia diagnosed during this outbreak. With these limitations in mind, we can reasonably 
consider the etiology as solely plague for two patients (2 and 23) and solely leptospirosis for two other 
patients (6 and 1 8). Patient 27, who seroconverted for leptospirosis but was also confirmed for plague, 
suggests that such a co-infection is possible. Clinically, leptospirosis in its pneumonic presentation can 
mimic plague. Plague, however, usually leads to death within 2-4 days after exposure, which is not the 
case for leptospirosis [18]. Specific details of clinical presentation were not recorded and conditions of 
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hospitalization prevented complementary investigations, however, these patients recovered. Like all 
the patients managed during the outbreak response, they were treated with gentamicin. While 
gentamicin is not the currently recommended antibiotic therapy for leptospirosis, this antibiotic could 
be effective on pathogenic Leptospira [19]. The existence of leptospirosis cases among the victims 
could partly explain the relatively low case fatality ratio (11.0%) observed during the field 
investigation [6]. 

Leptospirosis is usually considered in instances of febrile jaundice, even though jaundice is not the 
most common clinical manifestation [2]. This makes leptospirosis a differential diagnosis of yellow 
fever in central Africa. Two cases of yellow fever were confirmed in 2010, 70 km north of Zobia [20]. 
Similarly, a haemorrhagic syndrome could be the manifestation of either leptospirosis or a 
haemorrhagic viral fever [10]. Due to its potential high mortality and pulmonary manifestations 
consistent with those of pneumonic plague, leptospirosis should be evaluated as a differential diagnosis 
for pneumonic plague within the region and for similar outbreaks in similar conditions in order to 
provide effective treatment and implement appropriate public health measures to slow, stop, and 
prevent disease spread. 

It is unclear yet what the potential is for specific leptospirosis outbreaks in this region. More needs 
to be done to understand the importance of leptospirosis and its natural history and disease burden in 
central Africa. 

The complexity of leptospirosis laboratory confirmation makes early diagnosis difficult in 
developing countries. A new generation of rapid tests, more reliable and usable in the field than the 
current ones, is needed. Until such tests are available and in use, regional health staff should be 
educated on leptospirosis presentation and first-line diagnosis capacities should be reinforced. 

The investigation was impacted by hectic working conditions during a plague outbreak in which 
resources were limited and activities focused on the immediate task of saving lives. This resulted in 
several research limitations. Specific details of clinical presentation were not recorded and conditions 
of hospitalization prevented complementary investigations. Moreover, it was not possible to compare 
the observed seroprevalence with that of a reference population, which restricts the interpretation. Our 
findings, however, are valuable as very little is known about leptospirosis in Africa. 

4. Conclusions 

While plague remains the main culpable agent for the outbreak of severe pneumonia in the miners' 
camp, a leptospirosis outbreak co-existed. This is the first time that leptospirosis has been described in 
DRC since 1956. The circulation of Leptospira is likely intense in the natural environment of the 
north-eastern part of the country, especially around mining activity areas. Leptospirosis may be 
accounting for at least a small portion of illnesses in other severe outbreaks occurring in central Afi-ica. 
Due to its potential high mortality and pulmonary manifestations consistent with those of pneumonic 
plague, leptospirosis should be evaluated as a differential diagnosis for pneumonic plague within the 
region and for similar outbreaks in similar conditions in order to provide effective treatment and 
implement appropriate public health measures to slow, stop, and prevent disease spread. 



Int. J. Environ. Res. Public Health 2014, 11 



1832 



Acknowledgments 

We thank Professor Guy Baranton, former head of the Biology of Spirochetes Unit, National 
Reference Center for Leptospirosis, WHO Collaborating Center for Leptospirosis, Pasteur institute 
Paris, who initially performed the microscopic agglutination tests and provided the first interpretations. 

Conflicts of Interests 

The authors declare no conflict of interest. 
Authors' Disclaimer 

Eric Bertherat is staff member of the World Health Organization. Eric Bertherat alone is responsible 
for the views expressed in this article and they do not necessarily represent the decisions or the stated 
policy of the World Health Organization. 

References 

1. Abela-Ridder, B.; Sikkema, R.; Hartskeerl, R.A. Estimating the burden of human leptospirosis. 
Int. J. Antimicrob. Agents 2010, 36 (Suppl 1), S5-S7. 

2. World Health Organization and International Leptospirosis Society. Human Leptospirosis: 
Guidance for Diagnosis, Surveillance and Control. WHO: Geneva, Switzerland, 2003. 

3. Tattevin, P.; Leveiller, G.; Flicoteaux, R.; Jaureguiberry, S.; Le Tulzo, Y.; Dupont, M.; 
Arvieux, C; Michelet, C. Respiratory manifestations of leptospirosis: A retrospective study. Lung 
2005, 183, 283-289. 

4. Leptospirosis Burden Epidemiology Reference Group (LERG). Leptospirosis: Systematic Review 
of the Global Burden of Disease. Available online: http://www.who.int/zoonoses/diseases/lerg/en/ 
(accessed on 9 October 2013). 

5. Stenseth, N.C.; Atshabar, B.B.; Begon, M.; Belmain, S.R.; Bertherat, E.; Camiel, E.; Gage, K.L.; 
Leirs, H.; Rahalison, L. Plague: Past, present, and future. PLoS Med. 2008, 5, doi:10.1371/joumal. 
pmed.0050003. 

6. Bertherat, E.; ThuIIier, P.; Shako, J.C.; England, K.; Kone, M.L.; Amtzen, L.; Tomaso, H.; 
Koyange, L.; Formenty, P.; Ekwanzala, F.; Crestani, R.; Ciglenecki, I.; Rahalison, L. Lessons 
learned about pneumonic plague diagnosis from two outbreaks. Democratic Republic of the 
Congo. Emerg. Infect. Dis. 2011, i7, 778-784. 

7. World Health Organization. International meeting on preventing and controlling plague: The old 
calamity still has a future. Wkly Epidemiol Rec. 2006, 81, 278-284. 

8. Van Riel, J. Le foyer centro-africain de leptospirose (Contribution au probleme de I'unite ou de la 
pluralite des leptospires du type L. icterohaemorrhagiae). Ann. Soc. Belg. Med. Trop. 1946, 26, 
197-313. 

9. Van Riel, J.; Szpajshendler, L.; Van Riel, M. Etude clinique, bacteriologique et epidemiologique 
d'un nouveau foyer de leptospirose au Congo Beige. Ann. Soc. Belg. Med. Trop. 1956, 26, 
118-140. 



Int. J. Environ. Res. Public Health 2014, 11 



1833 



10. Bertherat, E.; Renaut, A.; Nabias, R.; Dubreuil, G.; Georges-Courbot, M.-C. Leptospirosis and 
Ebola virus infection in five gold-panning villages in the North East of Gabon. Am. J. Trop. Med. 
Hyg. 1999, 60, 610-615. 

11. Bharti, A.R.; Nally, J.E.; Ricaldi, J.N.; Matthias, M.A.; Diaz, M.M.; Lovett, M.A.; Levett, P.N.; 
Gihnan, R.H.; Willig, M.R.; Gotuzzo, E.; Vinetz, J.M. Leptospirosis: A zoonotic disease of global 
importance. Lancet Infect. Dis. 2003, 3, 757-771. 

12. Bahaman, A.R.; Ibrahim, A.L.; Adam, H. Serological prevalence of leptospiral infection in 
domestic animals in West Malaysia. Epidemiol. Infect. 1987, 99, 379-392. 

13. Ellis, W.A.; Michno, S.W. Bovine leptospirosis: A serological and clinical study. Vet. Rec. 1976, 
PP, 387-391. 

14. Feresu, S.B. Isolation of leptospira interrogans fi-om kidneys of Zimbabwe beef cattle. Vet. Rec. 
1992, 130, 446-448. 

15. Myers, D.M.; Ruiz, A.; Applewhaite, L. Leptospiral agglutinins among cattle in the Republic of 
Guyana. Trop. Anim. Health Prod. 1985, 17, 239-243. 

16. Smythe, L.D.; Wuthiekanun, V.; Chierakul, W.; Suputtamongkol, Y.; Tiengrim, S.; Dohnt, M.F.; 
Symonds, M.L.; Slack, A.T.; Apiwattanaporn, A.; Chueasuwanchai, S.; Day, N.P.; Peacock, S.J. 
The microscopic agglutination test (Mat) is an unreliable predictor of infecting leptospira serovar 
in Thailand. Am. J. Trop. Med Hyg. 2009, 81, 695-697. 

17. Poeppl, W.; Orola, M.J.; Herkner, H.; MuUer, M.; Tobudic, S.; Faas, A.; Mooseder, G.; 
AUerberger, F.; Burgmann, H. High prevalence of antiobodies against Leptospira spp. in male 
Austrian adults: A cross-sectional survey, April to June 2009. Eurosurveillance 2013, 18. 
Available online: http://www.evirosvirveillance.orgA'^iewArticle.aspx?ArticleId=20509 (accessed 
on 28 January 2014). 

18. Dennis, D.T.; Gage, K.L.; Gratz, N.; Poland, J.D.; Tikhomirov, E. Plague Manual-Epidemiology, 
Distribution, Surveillance and Control. World Health Organization: Geneva, Switzerland, 1999. 

19. Poggi, D.; Oliveira de Giuseppe, P.; Picardeau, M. Antibiotic resistance markers for genetic 
manipulations of Leptospira spp. Appl. Environ. Microbiol. 2010,76, 4882^885 

20. World Health Organization. Yellow fever in the WHO Afi-ican and American Regions, 2010. 
Wkly Epidemiol Rec. 2010, 86, 370-376. 



© 2014 by the authors; licensee MDPl, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



